Abstract. Brain magnetic resonance (MR) images have been widely used for analyzing brain diseases. However, due to the existence of noise and intensity inhomogeneity, many segmentation methods are hard to find accurate resuslts. This paper presents a novel variational framework for the registration, segmentation and bias estimation simultaneously. We first presented an improved segmentation model by using local region information, which can estimate the bias field meanwhile segmenting images. Then, we defined a coupled term to combine the segmentation and an improved registration method. The registration term can provide shape information as a prior to guide the segmentation and the segmentation term can provide the edge information to guide the registration. The segmentation results proved that the proposed method can obtain more accurate results.
Introduction
In order to diagnose brain disease, many segmentation methods have been proposed. Unfortunately, most segmentation methods are hindered by various imaging artifacts such as noise and intensity inhomogeneities. In order to obtain accurate anatomical structures from brain MR images, active contour models have been extensively applied [1] [2] [3] [4] [5] . The active contour models are several desirable than classical image segmentation methods, such as edge detection, thresholding, and region grow. The active contour models can be easily formulated into an energy minimization framework, which enable the models allow incorporation of various prior knowledge, such as shape and intensity distribution, for robust image segmentation [6, 7] . Furthermore, the active contour models can provide the segmentation results as smooth and closed contours, which can be readily used for further applications, such as shape analysis and recognition.
In order to obtain more accurate results, scholars attempt to joint registration and segmentation. Yezzi et al. [8] and Paragios et al. [9] , proposed simultaneous registration and segmentation methods based on variational principle. These methods can improve the accuracy of the segmentation, however, they are based on rigid registration, which makes them hard to be used for brain MR image segmentation. Wang et al. [10] proposed variational principles for achieving simultaneous registration and segmentation. These methods are based on non-rigid registration and can obtain more accurate results, however, they are sensitive to the intensity inhomogeneity.
In this paper, we propose a coupled framework, which can process the registration, segment tissues and estimate the bias field, simultaneously. The registration can provide shape information as a prior to guide the segmentation and the segmentation results can make the registration more accurate. In order to reduce the effect of noise, we use statistical information (mean and variance) of local region around each pixel to construct the segmentation term and use the structure tensor information and nonlocal information to construct the registration term. The registration term can provide shape information as a prior to guide the segmentation and the segmentation term can provide the edge information to guide the registration. Another unique advantage of our method finds accurate edges of the tissues with severe low contrast.
Methods

A. Simultaneous Intensity inhomogeneity and segmentation method
The observed MRI image J can be regarded as the production of the true image I and the bias field B with the additive noise n [4] :
(1) In order to estimate the true image I, many methods take the logarithmic transform of both sides of Eq. 1:
In this paper, we set log( ) J as J % , log( ) In  as I % and log( ) B as B % , respectively. Then, Eq. 2 can be written as J I B  % % % .
In our previous work [4, 5] , we proposed an improved functional: 
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,, log log log log 11 11 22 As we know, the spatial Laplace operator is isotropic, which makes the method inaccurate in edge region, furthermore, it is more sensitive to noise. In order to deal with this problem, we use nonlocal information to construct an anisotropic smoothness constraint regularization term: [11] , and   and   can be smoothed by using nonlocal method. Fig. 1 . Illustration of three 3T-weighted brain MR images, (1st column) reference image, (2nd column) atlas of the reference image, (3rd column)the images to be segmented, (4th column) their estimated bias fields, (5th column) bias-corrected images, and(6th column) segmentation results of the proposed algorithm.
C. Simultaneous Intensity inhomogeneity correction, Registration and Segmentation method
Conclusion and discussion
In this paper, we proposed a simultaneous intensity inhomogeneity correction, registration and segmentation coupled method. The method can obtain more accurate results, especially for brain tissues with low contrast, by coupling the registration and integrating the bias field estimation model into the objective function. This method successfully overcomes the drawbacks of existing simplex segmentation schemes, including limited robustness to outliers, over-smoothness for segmentations, and limited segmentation accuracy for image details.
